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engineers with a field reference which in detail explains and prescribes the
work methods and technical standards applied when constructing rural roads
using labour-based methods in Lao PDR.

I_; he purpose of this manual is to provide technical staff from supervisors to

Labour-based methods can be defined as the construction technology which, while
maintaining cost competitiveness and acceptable engineering quality standards,
maximises opportunities for the employment of labour (skilled and unskilled) together
with the support of light equipment and with the utilisation of locally available
materials and resources.

When considering the use of labour-based technology in road works projects, it is
important to acknowledge its limitations. In some circumstances, traditional
equipment-based work methods are more effective and may provide higher quality
outputs, such as large excavation works, rock excavation and haulage of materials over
long distances.

Although the technology may be unknown for many of the collaborators in the Lao
rural road sector, it has been successfully tested and adapted to the specific conditions
in Lao PDR through the ILO labour-based road project in Oudomxay and Savannakhet
during the last two years. This manual attempts to document the work methods as
carried out in the ILO project.

The manual is divided into four parts. It describes standard setting out methods,
construction procedures, site adminstration and work organisation. These four topics
covers the technical skills which are required from supervisory staff responsible for
carrying out rural road construction and rehabilitation works as practised in the ILO
project.

This is the first version of the manual, and field staff are encouraged to suggest
additions and changes to the manual in later versions.

Bjorn Johannessen 5 August 1997
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deally, the selection and prioritisation of individual rural road construction and
rehabilitation projects should at first be carried out before the choice of
technology is decided upon. Basically, there are three criteria which needs to be

considered:

(i) technical feasibility,
(i1) economic justification and
(ii1) social considerations.

Once the road priorities have been made and the detailed road alignments have been
identified, it is possible to establish the correct mixture of labour and equipment-based
work methods.

0#673$"6&2(R#&,"1"2"%A

The road must connect to a well-maintained engineered road, thereby adding on
to the existing functionable road network in the region.

When considering a new project it is important to make a rapid assessment of the
future road alignment, investigating the need for expensive structures such as
bridges, heavy earth works through rocky and steep terrain, and difficult soil
types, etc.

Building materials such as gravel and water should be available in a reasonable
distance.

Facilities for future maintenance (labour, tools, equipment and supervision) must
be available.

There should be sufficient funds available to continue periodic and routine
maintenance.

If labour-based work methods is a prerequisite (e.g. on Food for Work
programmes), then a minimum of 100 persons should be available and willing to
work for the project under the terms and conditions offered.

5:"%#:"&(43:(J63$3N"6(\*,%"4"6&%"3$

Various investment models are available to carry out the economic analysis. The
benefits normally considered in an economic evaluation are:

direct savings in the cost of operating vehicles,
economies in road maintenance costs,
time savings by travellers and freight,

reductions in road accidents (although these often increase on improved roads),
and

wider effects on the economic development of the region.
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Investment models are also available to estimate the total transport costs associated
with different road surfaces including vehicle operating costs, maintenance costs and
renewal costs under a variety of traffic, climatic and maintenance conditions.

Rural roads, however, represent the grass roots of the road network which feed traffic
into the secondary and primary roads opening access to the rural areas. Rural roads
have low traffic volumes and are generally constructed with gravel surfaces. For these
roads, the economic justification for the investment rests mainly on the expected
impact on social and agricultural development. Both these outputs are time related and
have a large element of uncertainty.

The extent to which the local economy adjacent to the proposed road will benefit from
the investment is dependent on its economic potential such as unused land, irrigation
facilities and labour, transportation facilities and costs. To forecast an increase in
agricultural production, producer surplus and assessment of resultant producer benefits
is a complex and difficult task.

This effect on the economy is extremely difficult to predict and virtually impossible to
model, and any assessment made will have a high element of uncertainty, and relies on
a series of external factors.

In terms of maintenance economics, there are, however, clear guidelines which can be
followed. A basic rule for any road works programme is to protect previous
investments and therefore to allocate available funds according to the following order:

(1) First, provide routine maintenance to the sections of the network which is in a
good and maintainable condition. "Good" condition is regarded as when the
road section requires a minimum of routine maintenance, which can be
provided through a lengthman system.

(2) Secondly, provide spot improvements and periodic maintenance to halt the
deterioration of road sections in fair condition, thereby upgrading them to a
maintainable condition.

(3) Thirdly, rehabilitate existing roads which has fallen into total disrepair.

(4) Once the three activities above have been secured, including regular
maintenance for the newly upgraded road sections, one should be looking into
new construction and expanding the road network. Once again, new projects
should only be accepted when sufficient maintenance resources are available
or can be secured when the construction of the new roads have been
completed.

?36"&2(5:"%#:"&

The following are amongst the social criteria that may be used for ranking rural road
rehabilitation projects:

e Present condition of the road. Communities without any access should be given
high priority. The better the existing access, the lower the priority.
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* The availability of access year - round. Communities without access only during
some parts of the year should have high priority.

¢ The area influenced by the road. The larger the area of influence, higher the
priority. The correct determination of the area served is important but is difficult
to identify. The limits of the area are generally provided by watersheds, rivers or
the proximity of adjacent roads. In the situation of rural roads in Lao PDR, the
area within walking distance of two hours from the proposed road can be taken.

¢ The inhabitants served. The greater the number of inhabitants to be served, the
higher the priority.

* Present transportation costs per km. Road transport costs are related to the road
condition. The higher the present costs, more these costs will decrease by road
improvements.

¢ The area of cultivable land within the area of influence. A rural road programme
should benefit as many farmers as possible. Roads leading to fewer farms and
houses should be given lower priority.

* Increased area of cultivable land. By improving access, the inhabitants may be
encouraged to cultivate more land within the area of influence of the road.

* Orientation of local produce to the market. The greater the volume of marketable
produce, higher should be the priority for road improvement.

¢ The potential increase in marketable production. Increased production is related
to road conditions, because improved access to markets will encourage the
inhabitants to produce more goods to sell.

¢ The availability of social and economic services. Most of the social and
economic services (medical, educational, and agricultural inputs) end where the
trafficable road ends and go no further. Improved access can extend these
services to isolated communities.

From the above, it is clear that a certain volume of data needs to be collected before a
ranking can be established. Furthermore, it is also evident that some of the criteria
may be in conflict with each other (i.e. maintenance economics versus areas without
road access). It is therefore important that the political leadership in the rural areas are
fully involved in the final weighting of the criteria and final selection of projects to be
included in the provincial road works programmes.

In this respect, the ILO IRAP project in collaboration with the Rural Development
Committees has collected some very useful experience, both in terms of an
appropriate methodology for data collection as well as establishing road works
priorities in the context of an overall rural infrastructure development plan.
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commonly used setting out procedure is based on the use of a series of profile
A%_ boards and a string line level giving control of levels during construction. As
a result, the method has become known as the "Profile Board Method".
The basic principle when using profile boards is that when we set them out we are
putting up a series of level boards that show us the level 1 metre above the completed
construction levels. With practice, it becomes easy to work with these tools and roads
can be built properly, economically and at high quality standards.

Imagine that you need to dig a ditch from A to B at the level shown in by the dotted
line:

W/ i/

LAA

To ensure that we obtain the correct level in the ditch, we would put up profile boards
at positions A and B, 1 metre above the level we want the ditch to be:

level of ditch
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We need a third profile board that we can move around. It is known as
the travelling travelling profile or traveller. Along the line from A to
B, we excavate slots to the level of the ditch. If we place the traveller
in a slot and sight from profile board in position A to the profile board
in position B, we can see if the traveller lines up with the two fixed
profile boards. If the traveller is too low, the slot has been dug too
deep. If the traveller sticks up above the sight line, the slot needs top
be dug deeper.

To provide good guidance, slots are dug at regular intervals, say at every 4 to 5 metres
along the sight line.

When sufficient slots have been dug, the workers can start excavating the ditch by

joining up the slots. The traveller can then be used to check that the finished work is
to the correct level and that there are no high or low spots.

_Sight Line

Profile Board Traveller

4 to 5m apart

07#(9"$#(#H@#2

The level of each of the profile boards can be controlled by using a line level. The line
level is a short spirit level (about 100 mm long) with a hook at each end to hang it
from a nylon string.

This instrument needs two persons to operate - one at the end of the line, and the
second to watch the spirit level. The line operator moves the string up or down until
the bubble is centred in the middle between the spirit level marks. The string line will
then indicate the horisontal line.

— 0
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The line level can be used to:
» transfer the exact level of one profile board to another profile board, thereby
ensuring that both are at the same level,

* measure up or down from the horisontal level shown, and set another profile
board so that there is a certain difference of level between the two profiles, and

» find the slope between two fixed profile boards, and which one is higher.

Points to remember when using a line level:
v" The string used should be a thin nylon fishing line, enabling the line level to
casily slide along the string.

v' The line level must be placed half-way between the two ranging rods. Use a
measuring tape to find the exact middle point.

v’ Keep the string tight - do not let it sag.

v The line level is an delicate instrument, look after it - do not throw it around and
treat it roughly.

v' Check the accuracy of the line level regularly in the field.

STH#EL"$+(YTH(9"$H(OH@#2

Take two ranging rods across the road and transfer a level from one rod to the
other. Mark the level on the second rod. Then keeping the string in the same
position on the first rod, take the line level and turn it around on the string. Adjust
the string on the second rod until the bubble is in the middle again and mark the
new level. Check to see if the two marks are at the same place. If not, measure
the difference between the two marks. If the difference between the two marks is
less than 10 cm, you can get the right level by taking the point half way between
the two marks. If the difference is greater than 10 cm you should replace the line
level for an accurate one. It is always a good idea to turn the line level around
every time you use it and take the middle of the two marks as the horisontal level.

correct level &7

....... %__———— Imax. 10cm

The line level has a range of up to about 50 metres. It is easy to carry around and with
care can be used for setting out levels and slopes not less than 1 in 300.
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The other requirement of the profile method is the use of adjustable profiles that can
be moved and locked in the desired position.

A long lasting profile board is made from thin steel plate which is welded to a short
length of metal tubing that can slide up and down and be clamped to a metal ranging
rod. A useful size for the metal profile boards has been found to be 40 cm by 10 cm,
painted red to make it easy to be seen.

The ranging rods are made of hollow metal tubes, often 12.5mm diameter galvanised

water pipe, with a pointed end of sharpened reinforcement steel. They are painted red
and white to make them easy to see during setting out.

‘l )<J*,%&12#
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A very useful additional tool is a s/iding srammer with a weighted head that fits over
the ranging rod and can be used to drive the ranging rod into the ground.

The traveller can be made of wood or metal, although metal is desirable as they are
frequently and roughly used and should therefore be of strong construction.

In very compact, or rocky ground, it is useful to first make a hole for the ranging rod
by first producing a hole by hammering down a metal spike produced from high
tensile reinforcement steel. Crow bars can also be used for this purpose.

The profile boards, ranging rods and travellers are inexpensive and can easily be made
by a local metal work business.

Before starting your setting out works, make sure that you have a sufficient supply of
ranging rods and profile boards. A supply of 20 rods and 20 profile boards is regarded
as a minimum to effectively carry out the job.
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It is also possible to make measurements below the line sighted between two profile
boards by using a zemporary traveller.

Temporary
Traveller

— e

Temporary Traveller Level marks

1m below fixed profiles

— 1

The temporary traveller is easily made on site by measuring the length needed from
the blunt end of a ranging rod to the further edge of the profile, which is then clamped
in position. The temporary traveller is then ready for use.

When used with fixed set out profiles, the traveller will give an indication of the
finished construction levels anywhere along the sight line of the set out profiles.

This is very useful for the site supervisor when setting out. The most frequent use the
supervisor will make of temporary travellers, will be to mark earthwork levels on the
edge of road pegs. But there are other uses for these travellers:

v' to guide and check excavation below earthwork levels (eg. for excavation for drift
base construction),

v" to find out whether large boulders are above or below road levels before they are
finally decided upon,

v to estimate the amount of fill needed if the road is "lifted" or crosses low areas -
this will help estimate the work involved and help decide on the best road levels,

v' to locate the end of drains and approaches, and
v" to provide a quick check on work, levels, string lines etc.

However, for guiding drainage work the labourers and gang leaders should use the
specially built travellers. This is because the profile on a temporary traveller can
become loose and the supervisor may not be present to check and re-set the traveller
length.
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When we set out work with profile boards and use a string line level to control the
level of the board, there are a number of uses we can make of them:

(i)  We can transfer a level from one side drain to the other side drain and thereby
ensure that both sides drains are built to the same level of depth.

(ii)) We can set out a slope at the gradient we want. This is especially important
for drains, the camber and drift approaches.

(iii) We can check for low spots in the terrain, when setting out the road alignment.

(iv)  We can set out vertical curves.

(v)  We can estimate how much cutting and filling is involved, before we start
construction works.

(vi) We can find out the length of a mitre drain or outlet drain before we start
works.

(vil)) We can find the length of a drift approach before we start works.

These uses give us good control over construction works, ensuring that the road is
built the way we want it and to a uniform and good quality standard.

Finally, it makes it possible to coordinate a large number of workers so that each one's
work will fit in with everybody else's work.

??"<H#H(P:&"S$,
The example below show how a side drain can be dug using profile boards to

guarantee a straight and even slope even though the depth
of the dig will vary along its length. -

\ne
sight =
— -

I#:9%"6&2(5*: @#,

The figure below shows how a vertical curve can be set out over a hill or across a dip
in the terrain. The profile boards are set out to give a standard depth of dig to the
drain and then adjusted by eye to give a smooth curve.
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The spacing of 20m between the profile boards is enough to make a series of straight
lines appear as a curve when the road is finished.

5:3,,(?#6%"3$,

The following example shows how the profile boards indicate that no ditch is required
on the low side of the road and how much filling is needed to produce the camber.
Profile boards also enable us to set out the correct level at the shoulders of the road.

22304,

We can set out a gradient or slope by using profile boards. For example, if we transfer
the level of one profile to the ranging rod 15 m away and set the profile board 0.75 m
above this mark. The two boards are then set at a slope of 5%.

sight line
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5% Slope

It is possible to use profile boards in this way to make sure that mitre drains are dug at
not less than the minimum allowable slope.

The difference in level is calculated as follows:

A 5% slope means that there is a 5 metre difference in level over a distance of 100
metres.

5m
0.75m 2.5m
1m
15m 20m 50m
100m

—

To find the difference in level over a short distance, multiply your measured distance
by 5m and divide by 100m. For example:

15m x o - 0.75m (75¢cm)
100

As a result, we can set out any gradient we wish.

For mitre drains, the least slope that is allowed is 1:125.

1:125 Slope

0.2m

25m
125m

—

If we select a convenient distance between the profile boards (say 25m), we calculate
the difference in level of the mitre drain profiles as

25m x . 0.20m (20cm)
125
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Another use is to establish the length of a mitre drain before starting work. After
setting the slope profile boards to the right gradient, we can use the traveller to see
how far we have to go to get the three profiles to line up. The position where the
traveller rests on the ground and lines up with the two fixed profile boards show where
no excavation is needed and is therefore the end of the drain.

finished level of mitre drain _T
end of drain

Finally, it should also be mentioned that the Profile Board Method is effective to use
when setting out works for gravelling, drifts and culverts. This is described in detail
in the following chapters.
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Supervisor. If the wrong alignment is chosen, it can result in delays to

3 electing the centre line off the road is the most important duty of the Site

construction works, over-use of workdays and a road that is difficult and

expensive to maintain.

The centre line should be selected to avoid areas of bad or difficult drainage, areas of
bad soil or large earthworks, areas of rock outcrops or heavy bush clearing. In
addition, where drainage structures are needed, the centre line should be selected so
that the structures are located at the best crossing point.

57#6L(9",%

Locate the best sites for river crossings.
Avoid rocky areas.

Avoid areas with heavy bush-clearing.
Try to avoid complicated drainage
solutions.

Try to follow existing alignments of roads
and tracks.

Avoid steep gradients (maximum 10%).
Keep earth-moving at a minimum.

Be considerate with existing farming
activities in the area.

Avoid triggering soil erosion.

AN N N N N U N N N N NN

Good selection of the centre line is the best way
to save workdays - try to avoid areas that will
consume a lot of workdays overcoming natural
obstacles.

The centre line selected is a compromise between
a number of problems and you will have to work
out how you would solve each of these problems,
and the amount of work involved. For example,
you could avoid an expensive structure by means
of a longer route that went round the water
course. You would have to consider the cost of
the structure against the cost of the extra road
works.

Take plenty of time to inspect the route and find the best alignment. This means
walking along the route, trying a number of alternatives and working out how it will

be possible to tackle the problems.

Best Crossing

Hw ,

[T | o Intersection

I . ¥ : Point
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Whatever solution you choose, you must make sure that the road will be safe and
that the solution will work. You must choose the most economical route, but you
must not try to "save" workdays by not properly overcoming, or by ignoring,
problems. Do not build road sections that will be likely to be damaged in the

future and will cause maintenance problems.

If the right solution is too expensive during construction, it will certainly be too
expensive to solve using limited maintenance funds.

The centre line is first selected by means of a series of straight lines. These lines link
together at points of intersection. The intersection points are located with the use of
ranging rods, and are properly marked by pegs. Once the intersection points are fixed,
check with the local landowners to see if there is any objection to the proposed lines.

Pegs are used to mark the alignment and the levels of the road. They are made of
wood and can normally be made on site. They should have a length of approximately
40cm. The chainage of the road is marked onto the peg with a water proof marker.
Before construction works starts, reference pegs are placed outside the road formation.
Ensure that these pegs are hammered deep into the ground so that it will be difficult to
remove them.

2H%%"$+(B*%6(?%:&"+7%(9"$#,

Straight lines are set out by marking points every 50m to 100m with ranging rods.
Between these ranging rods, intermediate points are set out at every 10m. Normally,
sections of not more than 50 to 100m are set out at the time. In mountainous terrain,
sections of less than 50m may be chosen.
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Your centre line has now been selected by means of a series of straight lines meeting
at points of intersection. Eventually, these straights will be joined by curves that will
be set out during the detailed setting out.

267m \PI

3. 7/))

Measure the distance between the intersection points and keep this as a first estimate
of the length of the road to be constructed.

O7#(>$%#: #6%"3$(8#%73<

The intersection method is a simple and effective method to set out curves. It requires
simple equipment and can be easily understood by the foremen.

First place a peg at the point where the two straight lines meet (intersection point PI).
Then locate the zangent points, TP. The first tangent point is where your curve begins,
and the second where it ends. Divide the tangent lines in equal lengths, by setting out
a number of ranging rods along the tangent lines at say Sm intervals.

With longer tangents, you will achieve a longer curve with a larger radius. Deciding
the length of the tangents is best done by experience. You will gain experience in how
to select the best tangent length. First look at the intersection angle between the two
tangents:
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A large intersection angle (i) will produce an easy curve with a big radius. The
tangent length can then be short (however, not shorter than 20m).

A smaller intersection angle will give a sharper curve with a short radius. In such
situations, the tangent lines should be made longer (30, 40, 50 or 60m) to increase the
radius of the curve.

Sometimes, you will want to adjust the tangent length to control where the centre line
of the curve goes (see below: Adjusting the Position of the Curve).

((((?%#Q(C_ Give each ranging rod a letter as shown in the figure below. Sight along line a - a with
an assistant holding a ranging rod in your sight line. A second assistant stands at point
b and sights along the line b - b. Move your assistant along line a - a until he also
stands on line b - b. Mark this spot with a ranging rod and a peg. This is your first
point defining the curve.

Now repeat this exercise by sighting along b - b while an assistant is sighting along ¢ -
¢ to find your next curve point.

578QYot: (- 2% @HA"$+(&S<(2H%%"$+(B

%



O7H#(5H$Y%:#(9"$# F&+#(CT

Complete the exercise for line ¢ - ¢, d - d, etc. Finally, use these curve points to set
out intermediate points along the curve at 5 m intervals. Inspect the curve and make
sure that all the points provide a smooth curve.

intermediate
points

curve points
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You always get one curve point less than the number of ranging rods on the tangent
length. For example, 5 ranging rods will give you 4 curve points (as above).

Even numbers of ranging rods gives uneven numbers of curve points, then the middle
curve point will be opposite the intersection point, PI. Where the middle two lines
intersect is the middle point of the curve (as below with 3-3 & 4-4 and 2-2 & 3-3).

large boulder etc.

If we increase the length of the tangent lines, we find that the curve moves further
away from PI. We can use this when we need to set out the centre line of the curve to
avoid obstacles such as trees, buildings, boulders, etc.
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When setting out a curve it is necessary to adjust pegs "by eye" until they appear to
follow a smooth curve.

This is a useful skill that has to be learned by every supervisor and technician.

A quick way to control and adjust the setting out of the curve is to line up the first and
third peg and measure the off-set of the second peg to this line. Then repeat this
exercise by lining up the second and fourth pegs and measuring the off-set to the third
peg to this line. Walk around the curve and check and adjust these off-sets until you
are satisfied that they are nearly equal.

This will give you a good enough curve to set out the dimensions necessary to build
the road.

When the radius of a curve is large (when the angle between the straights is large), it is
more practical to set the curve out "by eye" directly rather than by the intersection
method. This should only be done on large radius curves with short curved lengths.
When the intersection angle is small and the radius small, you should always use the
intersection method.

This method may also prove useful in mountainous terrain where there is limited
space for using the intersection method.
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Once the centre line has been set out, it is necessary to mark the line in a proper way.
This is carried out by setting out solid off-set pegs 90 degrees to the side of the pegs
indicating your centre line.

In case the road needs to be constructed on an embankment, off-set pegs should be
placed on each side at the foot of the planned embankment, at 10m intervals along the
road line.
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To set out the off-set pegs, you must first construct a 90E angle from
the centre line. This can be done by using the 30m tape. Measure
3m from the first ranging rod (A) along the centre line and place a
temporary peg at this position (B). Then find the 8m mark on your
tape (C) while holding the tape at the 12m mark at point (A). A
ranging rod is then positioned at the 8m mark on the tape, creating a
line between A and C, 90E to the centre line. Repeat this exercise on
the opposite side of the centre line and check that the three ranging
rods are on line. You can now measure out the position of the off-set
pegs by sighting along the three ranging rods.

Alternatively, it is possible to manufacture a template which can be
used for setting out 90 degree angles.
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When the horisontal road alignment has been established, the next step is to set out the
vertical alienment. Vertical alignment sets out the level of the road in relation to the
surrounding terrain. The method shown below is based on the use of profile boards to
optimise the road level, avoiding unnecessary earth movement.

?%#Q(-_ First, fix profile boards on the ranging rods along
the centre line at a fixed level, say 1 metre
above the ground level. i o
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((((?%#Q(C_Then sight along the profile boards. Get your assistant to adjust the level of each of

the intermediate profile boards so they are all on line with the first and the last profile.
All the profile boards will then be at a level 1 metre above the level of the centre line
of the new road (before designing

the camber).
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((((?%#Q(E__ If the level of the centre line is too deep into the terrain, i.e. involving too much
excavation works, you can move the profile boards up or down to reduce the levelling
works, achieving a balance between the volumes of excavation and fill.
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Finally, make sure that the profile boards along the centre line has been correctly
placed. All other levels for the road structure will be set out based on the profiles
along the centre line.
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When setting out the centre line of a road, it is important to check the gradients along
the road profiles. Transfer the level of one profile board to the next ranging rod and

level difference
length

measure the difference. The slope or the gradient is then calculated as follows:
So, if the difference of levels is measured to 0.5m between two profile boards with a
length of 20m between them, the gradient is calculated to:

Slope of road = X 100 = % slope

@X 100 =2.5%
20

This procedure is very useful in order to find low spots along the road line and to
check that the slope of the side drains will not cause erosion or silting. If the road
gradient is found to be unsuitable, the road levels can and should be changed before
construction works start.

It is also useful, when selecting the road centre line, to check that the slope of the
existing terrain to make sure it is not too steep or too flat before fixing the location of
the centre line.
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This is done by setting a profile 1m above the ground at the start of the section in
question, and another 1m above the ground on the proposed centre line at the end of
the section. A third profile is set 10m from the first profile along the line from the
other two. Using a line level, the difference in level between the two profiles 10m
apart is measured and the percentage slope of the terrain can be calculated.

slope = level d;i;;‘erence X 100 %

ient -
road gradient ___—
_ e

level difference

1m

10m

This way, the gradient can be checked before the centre line is fixed, avoiding
unsuitable gradients. Try different centre line locations to select the best possible
gradient for the road.
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